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Abstract 
Lasers as production tools offer several advantages, which are especially relevant for the production of solar cells. 
The contact-less and localized nature of the energy deposition allows new processes, such as laser selective emitter 
doping, laser ablation of dielectric coatings and via drilling for back contact cell concepts. A highly critical factor is 
the correct selection of laser parameters and thus laser sources in a manner that adapts the laser process to the 
requirements of the material, the process nature and the solar cell properties. In this paper the influence of the pulse 
duration in the range from hundreds of femtoseconds to ten picoseconds on the selective ablation of silicon nitride 
from multi-crytsalline solar cells is investigated. For this process it is critical to avoid damage to the sensitive emitter 
and ultra-short laser sources have the potential to enable this process. 
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1. Introduction 
Lasers are indispensable tools for micro- and macro-machining in various fields of the production 
industry. Laser processes provide manufacturing solutions with minimum mechanical and thermal 
influence on the processed product due to their selective energy control and deposition and allow 
generally high processing speeds. Photovoltaics is one branch which is promising a rapidly growing 
market for laser sources, and research activities cover a large number of laser processes for crystalline 
solar cells. However, in production laser processes are still sparse: laser groove buried contact cells are 
not produced commercially anymore [1]; metal wrap-through cells which make use of laser drilling start 
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to enter the market [2]; and commercialization of laser doping for selective emitter creation is currently 
picking up the pace [3]. 
In production and research laser processes are currently performed with common DPSS lasers with 
pulse widths in the nanosecond range which provide results far away from what is technically and 
physically possible. Selection of the proper process-adapted laser sources is essential to establish lasers as 
production tools on the one hand and harvesting the benefits for solar cells in terms of efficiency and 
productivity on the other hand. 
In this paper a flexible laser source with pulse durations in the range from 230 fs to 12 ps is used to 
study the ablation of silicon nitride from multi-crystalline solar cells. 
2. Motivation 
The use of front side passivation makes it necessary to fire the screen-printed metallization through the 
layer in a high temperature step. To avoid this step the passivation layer can be locally opened using laser 
radiation. In addition, this enables the use of electro-plating for self-aligning contact formation and the 
development of new passivation layers with better performance independent of the used metallization 
technique. Ultra-short pulse lasers promise to be suitable tools for the selective removal of silicon nitride 
passivation layers, since they allow a high degree of control of the ablation and a low thermal impact on 
the solar cell. 
A critical factor is the reduction of the damage to the silicon, especially for front-side ablation where 
damage to the emitter has to be avoided. Successful ablation of SiNx layers using Nd:YAG lasers at 355 
nm wavelength and pulse widths of several nanoseconds was reported in [4]. Studies with lasers pulses of 
ten picoseconds width show a strong increase of the sheet resistance of the exposed emitter, indicating 
ablation of the emitter layer [5]. A comparison of nanosecond and picoseconds ablation is presented in 
[6], where ns ablation reaches the level of the wet-etched reference, while for the picosecond ablation 
losses in the IV characteristics are visible. The studies show that the potential of ultra-short pulse lasers 
for this process has yet to be proven. 
To assess the influence of the pulse width on the ablation quality (in terms of electrical properties of 
the wafer/solar cell after laser processing) the regime between one ns and several hundred femtoseconds 
is currently under study. 
3. Experiments 
For the laser processing a flexible laser source from company LightConversion is used, allowing the 
variation of the pulse duration from 230 femtoseconds to 12 picoseconds. To assure that ablation with 
different laser sources yields comparable results also a Trumpf TruMicro 5250 is used for the 
experiments. The specifications of both devices are given in Table 1. 
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Table 1: Specifications of the used laser sources. 
Parameter Lightconversion 
„Pharos“ 
Trumpf „TruMicro 
5250“ 
Wavelength 515 nm 515 nm 
Pulse duration 0.2 to 12 ps 7 ps 
Avg. Power <5 W < 25 W 
Rep. Rate <600 kHz < 400 kHz 
Pulse energy <100 µJ <60 µJ 
Beam quality M² ~1.2 ~1.2 
The samples used here are standard six inch, multi-crystalline solar cells by the company Solland Solar 
Cells, The Netherlands. The cells are measured before laser processing using a Sinton Suns-Voc station, 
yielding open circuit voltage (VOC) and pseudo fill factor (pFF) from voltage measurements and fitting 
parameter J02 from equivalent circuit diagram of the two diode model [7], which is a measure for the 
recombination current density in the space charge region. The latter value is a good indication for laser 
damage induced in the pn junction. The first measurements are used as reference values and all data 
obtained after laser ablation is normalized to these values: 
VOC,rel = VOC / VOC,max;  pFFrel = pFF / pFFmax;   J02,rel = J02 / J02,min
The silicon nitride is ablated between the metal fingers on the solar cells. The beam is moved across 
the samples using a galvanometric scanner. The scanning speed is selected so that the laser ablation spots 
created by the Gaussian laser beam are separated (see Figure 1a). Thus the influence of the pulse overlap 
is removed from the analysis. After ablation of ten lines (between the first ten fingers) the cells is 
measured again. This procedure is repeated until 50 lines are ablated. For comparing the laser ablation 
process with an ideal removal process reference cells are prepared from diced solar cells using 
lithographic mask imaging and subsequent wet etching (see Figure 1b) 
(a) (b) 
Figure 1: (a) Ablated circles on silicon nitride. (b) Wet etched reference showing 15 opened lines (150 mm²) between the fingers.
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4. Results and Discussion 
Figure 2 shows the relative VOC over the area opened by laser ablation (a) and over the applied pulse 
duration (b). The data for a pulse duration of 7 ps is obtained with the TruMicro laser source, all other 
data is obtained with the variable fs laser source. Losses in VOC of up to 5% are observed for these 
process parameters. An increase of the loss is obvious for increased opened area in (a). This increase of 
losses is strongest for increasing fluence, while smaller pulse durations reduce the effects of the laser-
induced damage (b). 
(a) (b) 
Figure 2: (a) Relative VOC plotted over the opened area for a fluence of 0.5 J/cm² and several pulse durations. (b) Relative VOC
plotted over pulse duration for various fluences. 
In Figure 3 the relative pFF is plotted over opened area (a) and pulse duration (b) for the same process 
parameters as used in Figure 2. A linear decrease of the pFF with opened area is observed, the slope 
increasing with pulse duration. As for VOC the losses increase drastically with fluence. Losses in pFF as 
high as 20% are observed for 2.5 J/cm².  
(a) (b) 
Figure 3: (a) Relative pFF plotted over the opened area for a fluence of 0.5 J/cm² and several pulse durations. (b) Relative pFF
plotted over pulse duration for various fluences. For legends see Figure 2. 
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Figure 4 shows the change of the current density of the second diode from the two-diodes model with 
opened area (a) and pulse duration (b). Similar trends as in Figure 3 are observed, which indicates that the 
laser induced damage is responsible for the loss of fill factor, as can be expected. 
(a) (b) 
Figure 4: (a) Relative J02 plotted over the opened area for a fluence of 0.5 J/cm² and several pulse durations. (b) Relative J02 plotted 
over pulse duration for various fluences. For legends see Figure 2. 
The wet etched reference cells (one prepared with 150 mm² opened, the other with 450 mm²) did not 
show any change in VOC.
It is obvious that without a careful process adjustment damage to the emitter is difficult to avoid. The 
data shows that the smallest impact on cell performance is achieved with femtosecond pulses. With a 
fluence of 0.5 J/cm², sufficient to create 50 µm wide ablation lines, a loss of 1% in VOC and 5% in pFF is 
obtained with a pulse duration of 10 ps. With the same parameters but a pulse duration of 230 fs the 
losses decrease to 0.1% in VOC and 1% in pFF. This shows that in the scope of this study femtosecond 
laser sources are most appropriate for the ablation of silicon nitride layers. However, this does not take 
into account matters of hardware cost and reliability. 
For a full finger grid an area of about 380 mm² has to be opened. If the trend shown in figures 2-4a 
stays linear up to such a large area, the effects on cell performance shown in the data will increase 
accordingly.
5. Conclusions 
The work presented here yields insights into the influence of the pulse duration (in the range from 230 
fs to 10 ps) on laser ablation of silicon nitride from the front side of full standard multicrystalline solar 
cells. The analysis focuses on open circuit current, pseudo fill factor and recombination current density in 
the space charge region. The data shows a strong influence of pulse duration and applied fluence. The 
lowest losses (still non-zero) are obtained with 230 fs pulses, the shortest in this study.  
Future work will include laser sources with pulse duration in the range of nanoseconds and hundreds 
of picoseconds, since earlier studies showed good quality ablation with nanosecond lasers. Also 
subsequent plating will be done and cells based on ablated finger grids will thus be produced to evaluate 
the influence of the laser process on cell performance in more detail. 
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